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Visualization of lon Transport and pH Change in lon
Concentration Polarization

Sung Hee Ko and Kwan Hyoung Kang

Abstract. lon concentration polarization is an electrokinetic phenomenon which occurs in membrane sys-
tems, such as in an eectrodialysis and fuel-cell system. But the phenomenon is not fully understood
because hydrodynamics, electrokinetics and electrochemistry are coupled with each other. Here, we report
that there occurs a change of pH value of buffer solution in concentration polarization phenomenon. To
visualize the change of pH, the litmus solution which is one of the pH indicators was used. It is con-
jectured that the pH of solution changes because hydrogen ions were concentrated in cathodic side and
hydroxide ions were concentrated in anodic side. We anticipate that this work may contribute to the fun-
damental understanding on the ion concentration polarization phenomenon.

Key Words: lon Concentration Polarization (0]& &%= £3), pH (F20l2%F %)

1. M — clogging)e] BAEA] B=thA, mEgh vlo] @ B4 A&
Wk ofle}, sljrdarst, viol AR wx ek e vk

0] %% EZ(jon concentration polarization) 374 St Hofo] W 8 2 e,
< e F719] E5 712 2H(nanoporous membrane) o] T B 2 vlole B4 AE, e
Alz=dlellA] #aE= W75 s Aotk k] | s 4 %JQ“TOMW B HAS I QAT o]
ol EAlske &9 =717 A7) ol5F (dectricd A AA o M = B B4S B Ql) o] 5
double layer)o] F79} v]S=8}ar, BF AJ2®of] A2 Z 25 el i o4 A= 100 d Aol
7FE o, vhe] M Hske} 2 H5e] ks 71zl Nerngtol] €J8ilA] A= AR D T35} 28 o] {5
o] &= (co-ionsy> BHE B s1A] Eatar, HH Hstet 2 8l A= Fs] A7 EAL e SR ofel
Hif) £50] AalE 711 o] &E (counterionsy> 2He th 1) o] F= &= AdelA Fik(diffuson), EF

E3}3i}, uhe 71302 FF(anode) SHcahode) (dhift) 22)3L S5 (fluid flow)s} 7S @ aSo] BgA o

o o] Fxo] My} B, o8 o] T & 2 AAEe] T} 2) o] F= Tl (ion concentration
Solgkar gHh®, gradient)?} 717ge] F3E7} A7k wle} Wit 3) Ol

ol TE w5 AUE o8 WedT w5 4 2 FE 5 @2 WA=, vlo]AE I8a e
X]+=(electrokinetic trapping concentrator)= AY &<} Ado] A= H

E] A1 (multiscale) A 2~8l ol 4] WAy

o FEE Y F IS Wit oz, B g & =7] o)), @A oz A2 Yo] A2 A% H o]

2dell BAIgle] FFo] 713, E2ke] 9] (molecule 2 Lo B4 dohfl= Flo] 418 42 olrt}. 4)
o)

R N EE EL S D R

o] o] T&E F
gy sta 71 A 58k , = ] _
E mai o| khkang@postech ac.kr 0]31‘9‘1— 01%501] 9]3]1}\1 }\] i\—Eﬁ:] Hﬁ% ‘I’]‘d' E’—@ %10]]
gl 7| A 2k o3l SEEEI

38



FE 23 AN o] E7 pH Wske] 715} 39

Catholyte

\ A4

Main channel
‘ ~ Side channel

Fig. 1. Experimentd device: (a) schematic diagram of micro-
nano hybride sysem made by PDMS and nafion
resin; (b) image of micro-nano hybride system.

-0
-

=
]

k1
i
o>“'
S

AT a5l sl ol 4
7+ o] o A, Bole] pH W] v)e
1o1g Agolct, ti-ie ol B B
FolA, o) B B 5
7 gohe] pH 3te 2]
ol WAYE F2] pH gke] Wslol el edwiA)
I}, 55, el o) pHgtel whe ol
19 o] B, O pHgtel Waks vhEA]
o]

ol FE H AN pH ol st 7,
s opg Tl sl 91912 TSI,

(g, &%

¥

o

— g =
K
o
ey 2

ox P orfr

&O_‘

of sh= A aaeltt. adM & ATE

S

o] A
7} &
=

ofr
=

Lot ]t &2

24 #

9] pHgtel Wsks sl flsl 2 AtelM=
npo|aZ e sfo|HEl= AX]|(micro-nano  hybride
device)”} AFE-EIATE. Fig. 1(a)s Ao ALEE w4
A ARE BoAFT) vlAl Al (microchannd)S A<t
371 9Jal, 7589 (photoresis) SU-8(Microchem Co.,
SU-8 2015)3} A1z A< (photolithography) 342 ©|
gato] A go)H el S A2k, PDMS

(polydimethylsiloxane)e} 7FAlE FAH] 10112 4132
20 7F Bt 7F A (chamben)oll A 7125 A| A%
Zg)a, 71 E7F A A" PDMSE FiElo] sl= AEE 4
o]y Qo F-& Fof|, 65°C LEol|M 3|7+ F9F A3}
Al ol TS Bl AE T4 AHEe] FL
375mm, Zlo]= 15 mm ot} Fig. 1(b)ellA &elg &
Aol T4 A Aol F e 22 AdEo] EAS
o} o] AEELS TA Adol A FHE YA
317] Sl F7H o2 AR AEE2H, ] A
o] Z41 Aol ulsiA 10] o] =) wjEel, 24
Ade] A gl tgk YEFHL wju|si].
7180 ol = B A4S AAZ SR 43t
H BFS 7 e AES ARERIA
9 U AE S vhesd] ATbe] Wol 7]z, vl
| B @50l Atk 2#jA] A2 Hjgo R wE
3 2rasA Yie A (unction)S A zsr] 2184
U] (Sigma-adrich, Nafion 20 wi%)FA2 ©]&3}
ATHEN, o] oo SAGE thAE o] Q7] w o, ¥
o] 22 U2 FHAT ol YIS 53
814 Fahe o] AEZ Faute] Qg ittt A=
=] e vA Ad& YL AR AEA717]
I 39 e e o] 88t 21 JiE why
S ol&3ted frel 71 flol Yol g e 7L, &
Z=nl Fx|(Femto Science, Cute-B)E ©]&3}]
PDMS A3 yaj2o] FelE f2] 719S JFAA
oh. 283, PDMSS} f2] 713e] {2 S F7H171
3, E=u A Fofl HYW PDMS WA 42S
L7171 918l 95°C stEd|e|E(hot plate)ollA] |
127 7F o4 A3 AAE 718 %

Ad o] pH W3S SA4517] 91l &4 €] pHk
of w} o] k= FE A 8- (Sigmaadrich)
I Hafd gdor 1mMe 93} Z-F(potassum
chloride, 150 mS/cm) & o] ARS-HATE 18],
o] 9] AE& HFa] gk F A A (tracen)EM, B
g8 ZFogMl (fluorescain, Sigmaraldrich)
1pg/mio] ARS-ESATE, &7 At &2~ (Keithley 6517A)
£ AREst] mAlAPd e AR A 7o, A
(Zeiss, Axiovert 200), PIV 7} 2H(PCO, Sensicam ge) L
2]3 P4 A 5.2] F319 (photobleaching) A/4-& 2|43}
s7] S8l 71AA R AsEeE ME(Uniblitz, FL
Externa Shutter)7} AR&-E]AT}

il

[¢]

o o M
ofr

=
=
e



8
kJ
oX,
o

w] Al Z‘H%ioﬂ 79 3k
2= Yo e AL Ve R Ad
(anode) F <& HoFET Fig.

2(a)= A Aol ke 7Hshr] Ao FEE BT
o, wA] e #dsh ¥ AR REHY A=
Ze gl 5 Sk siAlE, mlAl 2
SHA =9, Fig. 2(b)ok 2ol ¥ d5o] &
A Atk & Ao FHRE ARE R0
# d8e SHs=E TJWQ EA=2H, o]& o] g3l
kAl Ol%%-ﬂ e —J B

Uajeo] oA =
< 37| wjel, U]/‘ﬂ ZHHOﬂ
o] FHsIE thHE o]REL M7 ol TE
o] ef3te] U2 FFate] Wit S5 AR o
g sV FHE tiAE o] 52 HH7H 9
A Ua2s A Eshar, vhl2oA] Hojzitt,
Z12iA Fg. 202} Z2el, = o] vl I oM =
g AE7F SAEA ke, & ol o9 =t
o9 W2 Ag ejujgitt, B =Eollxe AFEA &
UANE, U] 2e] 912 Ad, & 5= AdeA e U
2 TRl FF A= W7k Frlela, o]0 %
7} 7R = Gl YR F2oxE o

SE7t Hadhe 99 o2 ZH Y% (ion depletion
region), == GG o] Tt SURE 99
o] 3t} P4 (ion enrichment region)o]2kaL 3t} 2
ATlME o9 352 otalr] flsix =

(Fig. 2). Fig.

= O
o OEZﬁon_Iﬂ,—_T =

o ]

G
N
8
‘g
s

Fluorescent dye

Nafion

Fig. 2. Distribution of ion concentration in ion conc
polarization: (a) before voltage is applied; (b) after v
applied for 5min.

o
r
ot

Fig. 3. Change of color of the litmus solution around
each electrode in an electrochemical reaction.

Fig, VA, 9318 12
o UEh}, 3o FEae] Yehe g @

23 4 Qi)
H,O(1) — O,(g) +2H"(ag) +2¢€ (6h)
2H,0(l)+2e — H,(g) +20H (aq) (@)

2] (12 F=ellAe] shet 9k (k) kg2 )0l AL
2l (s =AY g8 T2 (3 wkg-A])elh
=, FFNME 4 ol &HY)] Tt SV W)
o] gdlo] F2Alo® Wt FFdlx= 4tst
0] 2(OH)e =71 F7Fel7] wZel §
o2 W3t}

=3

| 0] T

a1 %’4311, Fig. 49} 7] ZlEH



% 25 QolAe] o]l 553 pH Wske] 71418} 4

el
o

Fig. 4. Change of pH value in ion concentration polarization:
(8) before voltage is applied; (b) after 20V is applied
for 5min; (c) cathodic side, (d) anodic side.

7¥el7] Aells BEwZ &4e] Ao] do Hepls
=}, AR, w)A) 2ol A (EFAU20 VS 71l
3L, 5% ol Ad o] A-S A2t A3, Fg. 4(b)
o} Zro] oF= J o] Y F2ol|A] o] A Fo]
ehtar, o2 A 734194 (ion depletion boundary)
A oA G o] Mo TS =, o] Ay HA%Y
Jollx] Holz P (bulk region)ollAE Ao] W&k
UE AL FAF 5= Qi) 283 F FgdlME o)
< Fth(ion enrichment) d/Jo] WA= 37, 8o o] Al
o] F20 2 Walm, Bl {2 P4 Aol s}
7} FFE ]}, Fg. 402 Ady= 5999 259
Ao A EE dFE AlLs] #Faer] Sl8l Fg.
4b)E ARl Aelth,

ZEmZ gl o] Alo] Mrt= 21 Ad e &
Alskz & 2lpH7E Mlths A2 ongit). Ul
2 ol B3 4 Qe ol Aud Fijde|n
2, gol2Ql 4 o] 22 Y8 THsA|E &l
221 Pk} o] 22 UF g FaekA] Rt 1
A FFells gAtsl o] wrrt, STl 4
o] 8] F&rt 717t 7k =L, o] 2 lEfA] pH
ol WAl | Zloletar dekEn

7129 AFoME o] T B FdoA o029
AEE 7Sk flal ¥ A8 = AREA
SHAIRE, @ A5E ARESHA, HAARI o]0 AsS
Tjobet = UAIRE, ZH7He] o] 58] AFL FHetetr]
offrh. ARk, 2 AolA ARSE pH AA S H

E4g o] ot M-gahs EAS AR B4 e
54 o]9] AsS TRt 4= g7 wjitol], o] T
BT S olslshst] Bt Ego] 2 Holga #
T olefst Ade] A oS FF AT
£ Fol getEojof & Aotk
4. &4 =
B ATE BAlA T A" o] T w5 E
o] wAYsh wf, 8] pH gho] ®igtth= Zlo] 71
ols S|4 ERIFEIT o] T B dAAdolA
pH W= =53 5 G99 F4 o] wxe| W3}
o 213k Zlojgt AL} o] & T B e A
3o} Zof, @rst wof 5 v tellA &80l H=
], & Aol o] Fox pH W3}l 73] thak &
<3| =i,

o
GAR, 5 ATIAE FFA PPOL ol ¥
= B3 Aol e) pH MskE SYetaa) Bt

o] =Ee 20004 % W& EF o] Ao g
SATATe] APg we tEdY CRDATAIE

(ERC)9] AIZ 3= A7 (No. 20090083510).
EnEL

1) Probstein, R. F, 1994, Physicochemical Hydrody-
namics: An Introduction, Wiley-Interscience, USA,
pp. 174-182.

2) Kim, S. J, Song, Y.-A., and Han, J,, 2010, “Nanofluidic
concentration devices for biomolecules utilizing ion con-
centration polarization: theory, fabrication, and gpplica-
tions,” Chem. Soc. Rev., Vol. 39(3), pp. 912-922.

3) Kim, S. J, Ko, S. H,, Kang, K. H. and Han, J,
2010, “Direct seawater desaination by ion concen-
tration Polarization,” Nature Nanotech., Vol. 5(4),
pp. 297-301.

4) Kim, D., Raj, A., Zhu, L., Masdl, R. I., and Shan-
non, M. A., 2008, “Non-equilibrium electrokinetic



42

6)

micro/nano fluidic mixer,” Lab Chip, Vol. 8(4), pp.
625-628.

Duffy, D. C., McDondd, J. C., Schueller, O. J. A., and
Whitesides, G M., 1998, “Rapid Prototyping of Microf-
luidic Systems in Poly(dimethylsiloxane),” Ana. Chem.,
Vol. 70(23), pp. 4974-4984.

Kim, S. J., and Han, J., 2008, “Self-Sealed Vertical
Polymeric Nanoporous-Junctions for High-Through-
put Nanofluidic Applications,” Anal. Chem., Vol.

7

8)

80(9), pp. 3507-3511.

Lee, J. H., Song, Y.-A., and Han, J.,, 2008, “Mul-
tiplexed proteomic sample preconcentration device
using surface-patterned ion-selective membrane,”
Lab Chip, Vol. 8(4), pp. 596-601.

Yossifon, G, Mushenheim, P, Chang, Y.-C., and Chang,
H.-C., 2010, “Eliminating the limiting-current phenom-
enon by geometric field focusing into nanopores and
nanodots” Phys Rev. E., Vol. 81(4), pp. 046301.



